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Background: A high prevalence of Pulmonary Hypertension (PH) in sickle cell disease (SCD) has been reported
in several studies. However, few studies that describe the hemodynamics have actually measured pulmonary
artery occlusive pressure (PAOP). Furthermore, even PAOP has been shown to be unreliable in discriminating
pulmonary artery hypertension from pulmonary venous hypertension. We prospectively examined the accuracy
of PAOP using simultaneous left ventricular end diastolic pressure (LVEDP) measurement as the gold standard.
Hypothesis: In patients with SCD, PAOP may not reflect LVEDP leading to over-diagnosis of PAH.
Methods: We prospectively examined hemodynamic data on 26 patients with SCD, at a large academic center,
from 2009 through 2011. These patients underwent simultaneous PAOP and LVEDP measurements.
Results: We tested 106 adult SCD patients with 2-D Echocardiography for evaluation of PH. Of the 106 patients,
43 (41%) were found to have a tricuspid regurgitant jet velocity ≥ 2.5 m/sec. Of these 43, 26 patients underwent
right heart catheterization (RHC) and simultaneous measurement of LVEDP. Twelve patients among the 106
(11.1%) patients were found to have PH. Eight of these (7.5 %) had PAH by PAOP criteria but only 4/106 (3/7%)
had PAH by LVEDP criteria. PAOP significantly underestimated the LVEDP in both the PH group and group with
normal hemodynamics (p=0.00004). BNP, and creatinine levels significantly increased in PAH group (p< 0.02,
0.01, 0.03). PAOP misclassified 50% of patients in this sickle cell disease cohort. In conclusion, PAOP may
underestimate LVEDP in sickle cell patients with pulmonary hypertension and can lead to misclassification.

Introduction
Many previous studies have reported that pulmonary hyper-
tension (PH) is a frequent complication of sickle cell disease
(SCD).1,2 Echocardiography-based studies have estimated
the prevalence of PH to be around 20% to 30%2,3,and
have indicated that patients with pulmonary hypertension
have higher mortality and a worse prognosis.3,4 A large
National Institutes of Health-sponsored prospective study
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that defined PH as a tricuspid regurgitant jet velocity (TRV)
>2.5 m/s, found the prevalence of PH to be 32% and the risk
of mortality 10%.5 Other studies have revealed even higher
mortality rates of 17% and 10% vs 2% and 1% for controls.3,6

Echocardiography does not reliably define the presence
of PH, and when present, does not differentiate between
pulmonary artery hypertension (PAH) or pulmonary venous
hypertension (PVH). The gold standard for making the
diagnosis of PAH is a right heart catheterization (RHC).7

Few studies have evaluated the prevalence of PH in sickle
cell disease by right heart catheterization.3,8,9 Additionally,
in screening programs for PH in other high-risk populations,
the use of an echocardiogram alone to define PH resulted
in a substantial number of false-positive diagnoses when
RHC was used for confirmation.10 In a study of hospitalized
patients recovering from acute crisis,3 10 of the 20 patients
(50%) were found to have PVH (mean pulmonary artery
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[PA] pressure ≥25 mm Hg and pulmonary artery occlusion
pressure [PAOP] pressures >15 mm Hg). Another study of
sickle cell patients not in crisis revealed that 46% of patients
diagnosed with PH by echocardiographic criteria (TRV of
2.5 m/s or more) and RHC had PVH.11 The same group
also showed that diastolic dysfunction is an independent
risk factor for death in patients with sickle cell disease,
indicating the importance of defining this complication.12

Diastolic dysfunction was implicated in one-third of patients
with PH who had a tricuspid regurgitant (TR) jet >2.5
m/s. Recently, it has been shown that the true prevalence
of PAH in sickle cell patients is 6%, as confirmed by RHC
using PAOP criteria of ≤15 mm Hg and mean PA pressure
of ≥25 mm Hg.9 This procedure is now recommended by
international guidelines as the standard of care.9

Furthermore, another recently published study of PH
patients who did not have SCD suggested that almost 50%
of patients meeting criteria for PAH based on PAOP had
increased left ventricular end-diastolic pressure (LVEDP).13

PAOP also consistently underestimated LVEDP. This
suggests that patients with PVH may be erroneously labeled
as PAH even with RHC. This misclassification of disease may
result in the inappropriate use of PAH-specific therapies
that are not only costly but have also been shown to cause
increased morbidity in patients with PVH.14–16 A National
Institutes of Health study was terminated prematurely when
patients with SCD and PH sildenafil group demonstrated
increased pain crises.22 This information highlights the
need to better define the causes of PH in SCD to more
appropriately treat this condition.

The objective of the study was to determine the extent
of discrepancy between PAOP and LVEDP in sickle cell
patients undergoing RHC for evaluation of PH.

Methods
Study Design

All adult patients (18 years or older) with SCD (HbSS)
followed in a single adult comprehensive sickle cell center
(Brody School of Medicine) were screened with echocar-
diography for the presence of PH from January 2009 to
February 2011. Patients with an elevated TRV of ≥2.5 m/s
were referred for evaluation of PH and were consented to
participate in the study. Hemodynamic data were prospec-
tively collected. The study was approved by University
Medical Center Institutional Review Board (UMCIRB
#09-0781). Patients with TRV of 2.5 mm Hg or more with
symptoms undergoing RHC were invited, and written
consent was obtained. The study was performed on SCD
patients in their normal state in a stable outpatient setting.
Outpatient stable setting is defined as absence of major pain
crisis requiring admission or emergency room visit within
the last 4 weeks. All echocardiograms were performed
within 3 months of catheterization, and patients with sig-
nificant left heart disease (ejection fraction <40%, valvular
heart disease, cardiomyopathy, congenital heart disease, or
known significant coronary artery disease) were excluded.

If patients did not clinically need left heart catheterization,
based on risk assessment by a board-certified cardiologist,
a simultaneous LVEDP was obtained via right radial access
with a 5 F Tiger catheter (Terumo Inc., Somerset, NJ). If

clinically indicated, a coronary angiogram was performed
with the same 5 F Tiger catheter. Cardiac output was
computed by the Fick equation. The protocol is based on
our clinical experience of underestimation of LVEDP by
PAOP in sickle cell patients and other supporting data.3,14,25

All patients with unexplained dyspnea on exertion (New
York Heart Association class 2 or above) with TRV of 2.5
m/s or more had a more comprehensive workup for PH
by a board-certified pulmonologist, including pulmonary
function tests, ventilation perfusion scan, computed tomog-
raphy scan of the chest, and polysomnography (if indicated
clinically). Blood tests routinely used for the care of these
patients were reviewed.

A patient was considered to have PH if mean PA
pressures were ≥25 mm Hg at rest during catheterization.
Patients were considered to have PVH if the PAOP and/or
LVEDP pressure was >15 mm Hg.9 PAH was defined as
mean PA pressure of 25 mm Hg or more and LVEDP was
15 mm Hg or less.

Hemodynamic Measurements

Cardiac catheterization was performed by an interventional
cardiologist and a pulmonologist with PAH expertise.
Hemodynamic measurements were made using a standard
protocol under conscious sedation. RHC was performed
through the right femoral venous access with a 7 F Bard
balloon-tipped catheter (Bard Medical, Covington, GA)
under fluoroscopic guidance. The catheter was advanced
into the PAOP position first, and the pressure was recorded.
PAOP was confirmed by an oximetry and manual waveform
analysis in the end-expiratory phase. The balloon was then
deflated, and the PA pressures were recorded in the end-
expiratory phase and manually interpreted. Pressures were
recorded in the right ventricle and right atrium, sequentially
as well, with the withdrawal of the catheter. A simultaneous
LVEDP was obtained through right radial access with a
5 F Tiger catheter (Terumo Inc.). If clinically indicated, a
coronary angiogram was performed with the same 5 F Tiger
catheter. Cardiac output was computed by the Fick equation.

Pulmonary function tests and 6-minute walk tests were
measured using Medgraphics Elite DX model #830001-008
(MGC Diagnostics Corp., Saint Paul, MN) and continuous
pulse oximetry according to American Thoracic Society
recommendations.17,18,19

Statistical Analysis

Data were presented in a step-down procedure (Duncan’s
multiple range test) when noncongruent as baseline demo-
graphics, laboratory profiles, pulmonary characteristics,
RHC. and echocardiography findings. A one-way analysis
of variance (ANOVA) model was used to compare means
between groups (H0:μa = μb = μc; a: mPAP<25mmHg, b:
PAOP ≤ 15mmHg | ≥25mmHg, c: PAOP> 15mmHg| ≥
25mmHg). Post hoc pairwise multiple comparisons were
evaluated using the Ryan-Einot-Gabriel-Welsch procedure.
Multivariable log-normal plots were used to assess the
underlying normality and heterogeneity of the data. When
appropriate, a log or square root transformation was applied
to the data. The association between row and column
variables was tested using Fisher exact test, assuming a
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Figure 1. Flow chart of patient recruitment.

conditional hypergeometric distribution. All analyses were
performed using SAS software version 9.3 (SAS Institute,
Cary, NC).

Results
A total of 106 SCD patients were referred as outpatients for
2-dimensional echocardiogram testing from the adult sickle
cell clinic when in their steady state. Patients with TRV ≥2.5
m/s and dyspnea were referred to our PH clinic. Of the 106
patients, 63 were found to have a TR jet of <2.5 m/s and
were excluded from our study and did not undergo full PH
evaluation. Of the remaining 43 patients (40.5%), 26 patients
(24.5%) underwent RHC (Figure 1). Three of these patients
either had left ventricular ejection fraction (LVEF) <40% or
significant valvular abnormalities and were excluded. Four-
teen patients either did not agree to have further evaluation
with catheterizations or did not follow up for the procedure.

Of the patients who underwent catheterization, 14 of 106
(13.2 %) were found to have normal PA pressures. The
remaining 12 of 106 patients (11.3%) were found to have
increased pulmonary pressures consistent with PH. Eight of
these patients (7.5%) had PAH by PAOP criteria. When the 8
patients with PAH were defined by LVEDP criteria alone, 4 of
the patients were found to have PVH. Using LVEDP criteria,
the prevalence of PAH in our group of 63 patients with an ele-
vated TR jet flow ≥2.5 m/s was found to be 3.7% (Figure 2).

The positive predictive value of echocardiograms to
accurately diagnose PH with TR jet velocity of ≥2.5 m/s
was 46% (12 of 26 patients).

When the patients were compared based on the
catheterization-based diagnosis (Tables 1 and 2), no signi-
ficant differences were found in the 3 groups (no PH, PAH,
or PVH) except for brain natriuretic peptide (BNP) levels
(P = 0.02). The patient demographics appeared comparable
among the 3 groups (Table 1). BNP levels were increased
in the true PAH group and even more elevated in the PVH
group.

We also compared the patients in the 3 categories (normal
pulmonary pressures, PAH, and PVH) based first on the

Figure 2. Comparison between left ventricular end-diastolic pressures
(LVEDP) and pulmonary artery occlusion pressure (PAOP) measured
simultaneously in all patients undergoing right heart catheterization.

PAOP criteria and then on LVEDP criteria. Among patients
classified according to LVEDP criteria, TRV in PAH patients
was significantly increased (3.5 ± 0.82 vs 2.9 ± 0.30) when
compared with PVH or patients with normal hemodynamics
(P = 0.05). This was not the case when patients were
classified by PAOP criteria, where there was no difference
between the groups.

Twenty of the 26 patients (77%) were found to have left
atrial enlargement on echocardiogram, suggesting con-
comitant left heart dysfunction, though this observation did
not help to differentiate the patients with PH from patients
with normal hemodynamics (P = 0.31).

RHC Data

Mean PA pressures were increased in the PAH and the
PVH groups compared with the group with normal pres-
sures. Right atrial pressure was higher in the PAH (13.5
± 7.2 mm Hg) and the PVH (12 ± 4.4 mm Hg) groups as
compared to the group with normal pressure (6.4 ± 2.3). Pul-
monary vascular resistance (PVR) was highest in the PAH
group (2.5 ± 0.92 Wood units), followed by the PVH group
(2.1 ± 0.88), and then the normal group (1.4 ± 0.37). There
was no difference in the LVEF in the 3 groups. CO was high
in all 3 groups, with no significant differences (Table 3).

PAOP vs LVEDP

PAOP consistently underestimated LVEDP in the PAH
group (P = 0.002) and the entire group (P = 0.0001).
Half (50%) of the patients who were defined as having PAH
by PAOP criteria did not have PAH by LVEDP criteria.
The mean difference between LVEDP and PAOP in the
PH group (12 patients) was 4.63 mm Hg and 3.80 mm Hg,
respectively, in the entire group (26 patients) (Figure 2)

Clinical Outcome

Hospital admissions and minicrises (defined as painful
crises at home that were resolved by medications and
rest alone) were not different in any group whether they
were classified by PAOP criteria or LVEDP criteria. We
also did not find any difference between those prescribed
hydroxyurea in any group. Compliance with hydroxyurea
treatment, however, was not measured. During the
24-month follow-up, 2 patients in the study group died. Both
patients had pulmonary hypertension (1 PAH and 1 PVH).
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Figure 3. Figure demonstrating PAOP and LVEDP hemodynamic tracings from a representative patient showing end expiratory PAOP of 14 mmHg and
LVEDP of 20 mmHg.

Figure 4. Figure comparing LVEDP vs. PAOP for non-PH and PH patients
as a linear regression analysis or as a paired-subjects line graph.

Polysomnography

Of the 26 patients who underwent hemodynamic evalua-
tion, 22 had overnight polysomnography. Five of the 22
patients had obstructive sleep apnea (OSA). The mean
apnea-hypopnea index (AHI) of patients with OSA was 18
compared with the AHI of 3 in the non-OSA group. There
was no significant difference between the groups for OSA.
There was no difference between the groups for nocturnal
oxygen desaturations or desaturation on exertion (6-minute
walk test).

Laboratory Data

When the groups were classified based on LVEDP criteria,
we found that the PAH group had significantly lower albumin
levels (3.6 ± 0.60 g/dL) compared to the PVH group (4.1
± 0.37 g/dL) and the normal group (4.2 ± 0.38 g/dL).
The serum creatinine level was found to be significantly
increased in the PAH group (2.4 ± 1.5 mg/dL) compared
to the PVH group (1.3 ± 1.3 mg/dL) and normal group
(0.80 ± 0.25 mg/dL) (P = 0.03). The PVH group also
had significantly increased serum creatinine levels than
patients with normal pulmonary pressures. We also found
that reticulocyte percentage was significantly increased in
the PAH group (24 ± 1.5) compared with the PVH group (10
± 5.1) and normal pressure group (7.8 ± 2.8). Reticulocyte
percentage in the PVH group was lower but still significantly
higher than the normal pressure group (Table 2).

Pulmonary Function Testing

Pulmonary function testing (PFT) data was available on
21 patients. Of the 21 patients, 14 patients had restrictive
defects (defined as Forced expiratory volume in 1 second
(FEV1) / Forced vital capacity (FVC) ratio of >70% and total
lung capacity of <80%), though most of these defects were
mild. Three patients had isolated diffusion capacity defects;
1 had an obstructive defect, 1 had mixed defects, and 2
had normal PFTs. Mean diffusion capacity in the PH patient
group was not significantly different than the non-PH patient
group.
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Table 1. Baseline Characteristics of the Groups

Baseline Characteristics

Group 1,

n = 14a

Group 2,

n = 4b

Group 3,

n = 8c P Value

Age, y, no., mean ± SD
(range)

14, 45 ± 13, (25–65) 4, 45 ± 20, (24–72) 8, 43 ± 10, (27–62) NS

Sex, n (%)

Male 4 (29) 2 (50) 1 (13) 0.34

Female 10 (71) 2 (50) 7 (88)

BMI, no., mean ± SD
(range)

13, 26 ± 5.3, 26 (17–37) 4, 24 ± 4.3, (19–28) 8, 26 ± 12, (15–55) NS

Hospital admission
(5 years), no., mean ±
SD (range),

11, 6.1 ± 8.3, (0–30) 4, 12 ± 7.7, (2.0–20) 8, 6.3 ± 4.3, (1.0–15) NS

NYHA status, n (%)

II 10 (71) 2 (50) 5 (63) 0.86

III 4 (29) 2 (50) 3 (38)

Hydroxyurea, n (%)

No 8 (57) 2 (50) 2 (25) 0.31

Yes 6 (43) 2 (50) 6 (75)

Abbreviations: BMI, body mass index; LVEDP, Left ventricular end diastolic pressure; mPAP, Mean pulmonary artery pressure; NS, not significant;
NYHA, New york heart association; PAOP, Pulmonary artery occlusion pressure; PAH, pulmonary arterial hypertension; PCWP, pulmonary capillary wedge
pressure; PHTN, pulmonary hypertension; PVH, pulmonary venous hypertension; SD, standard deviation.
aNo PHTN:mPAP<25mmHg, bPAH:mPAP25, PAOP≥15 and LVEDP ≥ 15mmHg, cPVH:mPAP25 and LVEDP>15mmHg. Group 1: No pulmonary hypertension
Group 2: pulmonary arterial hypertension (based on LVEDP) Group 3: pulmonary venous hypertension (based on LVEDP).

Ventilation/Perfusion Scan

No patients in our cohort were found to have any evidence
of chronic thromboembolic disease on ventilation perfusion
scans.

Discussion
Our study revealed that use of PAOP criteria overestimates
PAH as compared to LVEDP criteria (7.5% vs 3.5%). The
study found significant difference between the LVEDP and
PAOP pressures measured in the SCD patients undergoing
RHC. We found that 50% (4/8) of patients had to be
reclassified when LVEDP criteria was used for diagnosis
of PAH. This is the first study to report a discrepancy
between LVEDP and PAOP measurements in a sickle cell
patient cohort. As in previous studies, our study confirms
that PH in SCD patients is mostly of the postcapillary nature
(PVH).9,24 However, these previous studies used PAOP
criteria and did not measure simultaneous LVEDP.

We found a significant discrepancy in simultaneously
measured PAOP and LVEDP in SCD patients undergoing
RHC. Our studies showed that PAOP consistently under-
estimated LVEDP in the entire group and not just in the
PH group. This also resulted in reclassification of 4/8 (50%)
patients. These findings are consistent with a prior study by
Halpern et al in a non-SCD population.

Prior studies have revealed PAOP is subject to significant
errors in measurement and interpretation.25,26 Studies have

also shown that as the PAOP increases (over 10 mm Hg)
the correlation between PAOP and left atrial pressures is
subject to considerable error.26 There are several reasons
that could explain the differences between the PAOP and
LVEDP. The relationship between PAOP and LVEDP is
not linear but curvilinear. After 10 mm Hg pressure there
is considerable variation between the 2 pressures.27 PAOP
poorly reflects LVEDP, because it does not accurately follow
the late diastolic pressure rise due to left atrial contraction
or pericardial pressures that impact LVEDP.27

A digital method of measuring the PAOP may also cause
discrepancy25; however, in our study manual measurements
were made at the end-expiratory phase. PVR has been shown
to be low in patients with SCD.11,28 In our study, the PVR
was relatively increased in both PAH and PVH, which is
consistent with prior observations.28

The low positive predictive value of echocardiograms for
prevalence of PH in our study (46%) is consistent with data
from other centers (25% to 46%).9,14,24 The slight variation
among studies may be reflective of sample size differences
and patient selection criteria.

BNP was elevated in both the PAH and PVH groups
compared to normal controls but was not significantly
different between the PAH and PVH groups. This finding
is similar to prior studies that revealed elevated BNP
levels in PH; however, BNP was not able to differentiate
pre- and postcapillary PH.20,21 We also found that patients
classified as PAH by LVEDP criteria, (group 2) was found

528 Clin. Cardiol. 36, 9, 524–530 (2013)
S. Sharma et al: PAOP may overdiagnose PH in SCD
Published online in Wiley Online Library (wileyonlinelibrary.com)
DOI:10.1002/clc.22153 © 2013 Wiley Periodicals, Inc.



Table 2. Laboratory Characteristics Between the Two Groups

Lab Profile
Group 1, n = 14,

No., Mean ± SD (Range)a
Group 2, n = 4,

No., Mean ± SD (Range)b
Group 3, n = 8,

No., Mean ± SD (Range)c P Value

RBC (∩106) 14, 2.7 ± 0.87 (1.6–4.7) 4, 2.5 ± 1.0 (2.0–4.0) 8, 2.4 ± .54 (1.7–3.2) NS

Reticulocyte count 13, 7.8 ± 2.8 (115–283) 4, 24 ± 1.5 (0.44–4.1)d 8, 10 ± 5.1 (2.9–19)e 0.001

Hb, g/dL 14, 8.5 ± 1.8 (5.2–12.2) 4, 8.2 ± 1.9 (6.4–11) 8, 8 ± 1.6 (6.4–11) NS

Albumin 14, 4.2 ± .38 (3.6–4.7) 4, 3.6 ± .60 (3.0–4.4)d 8, 4.1 ± .37 (3.6–4.6)e 0.032

WBC, ×1000 14, 10.0 ± 4.0 (6.4–22) 4, 9.0 ± 5.5 (2.7–16) 8, 11 ± 3.0 (8.2–17) NS

BUN, mg/dL 14, 13 ± 10 (5.0–45) 4, 22 ± 10, (7.0–29) 8, 17 ± 14 (5.0–47) NS

Creatinine, mg/dL 14, 0.80 ± 0.25 (0.40–1.2) 4, 2.4 ± 1.5 (0.58–4.2)d 8, 1.3 ± 1.3 (0.43–4.3)e 0.030

LDH, multiple ULN 9, 773 ± 497 (308–1672) 3, 294 ± 139 (156–434) 8, 767 ± 444 (213–1532) NS

Total bilirubin, mg/dL 14, 2.7 ± 1.6 (0.90–6.3) 4, 1.8 ± 1.7 (0.40–4.3) 8, 3.0 ± 1.5 (1.0–5.8) NS

BNP 4, 11 ± 8.6 (4.0–23) 2, 764 ± 112 (685–843)d 6, 682 ± 960 (13–2492)e 0.011

Abbreviations: BNP, B-type natriuretic peptide; BUN, blood urea nitrogen; HG, hemoglobin; LDH, lactate dehydrogenase; LVEDP, left ventricular end
diastolic pressure; NS, not significant; PCWP, pulmonary capillary wedge pressure; RBC, red blood cell count; SD, standard deviation; WBC, white blood
cell count.
aNo PHTN:mPAP<25mmHg, bPAH:mPAP25, PCWP≥15 and LVEDP ≥ 15mmHg, c PVH:mPAP25 and LVEDP>15mmHg, d†P < 0.05 for the comparisons
with group 1, ‡P < 0.05 for the comparisons with group 2.

Table 3. Hemodynamic Characteristics of the Groups

Right Heart

Catheterization

No Pulmonary HTN, No.,

Mean ± SD, Median (Range)

Pulmonary Arterial HTN, No.,

Mean ± SD, Median (Range)

Pulmonary Venous HTN, No.,

Mean ± SD, Median (Range) P Value

Systolic PAP, mm Hg 14, 31 ± 4.2, 31 (24–38) 4, 42 ± 6.7, 41 (37–51)a 8, 49 ± 15, 42 (38–74)a 0.0006

Diastolic PAP, mm Hg 14, 12 ± 4.4, 13 (7.0–24) 4, 20 ± 6.6, 19 (12–28) 8, 20 ± 7.0, 21 (8.0–28)a 0.011

Mean PAP, mm Hg 14, 20 ± 3.4, 21 (15–24) 4, 30 ± 4.2, 30 (25–34)a 8, 33 ± 8.9, 30 (25–48)a <0.0001

PCWP, mm Hg 14, 10 ± 2.4, 11 (6–13) 4, 12 ± 1.4, 13 (10–13) 8, 16 ± 3.5, 16 (11–20)a, b 0.001

LVEDP, mm Hg 14, 14 ± 3.8, 14 (9.0–21) 4, 15 ± 0.50, 15 (14–15) 8, 20 ± 2.6, 19 (17–24)a, b 0.0017

Mean RAP, mm Hg 14, 6.4 ± 2.3, 6.5 (3.0–10.0) 4, 13.5 ± 7.2, 11 (8–24)a 8, 12 ± 4.4, 13 (5.0–18)a 0.0016

Pulmonary vascular
resistance, Wood units

14, 1.4 ± 0.37, 1.3 (.84–2.1) 4, 2.5 ± 0.92, 2.4 (1.6–3.5)a 8, 2.1 ± 0.88, 1.8 (1.4–4.1)a 0.003

Left ventricular ejection
fraction

14, 64 ± 8.5, 64 (52–80) 4, 59 ± 15, 62 (39–75) 8, 59 ± 12, 61 (35–72) NS

CO, L/min 14, 7.3 ± 1.5, 7.7 (3.7–9.8) 4, 7.3 ± 1.4, 7.5 (5.4–8.7) 8, 7.2 ± 1.3, 7.3 (5.6–9.1) NS

CI, L/min/m2 14, 4.0 ± 0.17, 4.0 (3.8–4.1) 4, 4.0 ± 0.17, 3.8 (3.7–4.1) 7, 3.9 ± 0.44, 3.8 (3.4–4.6) NS

Abbreviations: CO, Cardiac output; CI, Cardiac index; HTN, hypertension; LVEDP, left ventricular end diastolic pressure; NS, not significant; PAP, pulmonary
artery pressure; PAOP, pulmonary artery occlusion pressure; PCWP, pulmonary capillary wedge pressure; RAP, right atrial pressure; SD, standard
deviation.
a††P < 0.05 for the comparisons with group 1, b‡P < 0.05 for the comparisons with group 2.

to have significantly low albumin levels. The reticulocyte
percentage was increased in the PAH group as was the
serum creatinine level. Elevation of serum creatinine has
been shown to be associated with PH in prior studies.11

In contrast to pediatric patients, we found that adult
SCD patients have a more restrictive pattern on pulmonary
function testing, as noted in prior studies.11 PH patients,
combined as a group, had significant restrictive defects
(P = 0.04) compared to SCD patients with normal pulmonary
pressures.

The strength of the study is the prospective consecutive
collection of data with simultaneous measurements of PAOP
and LVEDP. Hemodynamic measurements were taken in
a stable outpatient setting, as pulmonary pressures have
been shown to increase during vaso-occlusive pain crisis.8,21

Also, patients with significant valvular or left heart disease
on echocardiogram were excluded from the study.

There are several limitations in this study. We had a lim-
ited number of patients due to the targeted population. The
patients were recruited from the pulmonary clinic; therefore,
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there may have been a referral bias. A significant number
of patients (n = 17) with TRV of 2.5 m/s or more did not
undergo RHC; therefore, this is a conservative estimate of
the prevalence. Some of the laboratory data were collected
retrospectively and were not timed with the RHC. Many of
the reticulocyte percent values taken during hospital admis-
sion for pain crisis may not have represented a stable state.

Conclusion
Our study reports a discrepancy of PAOP and LVEDP in
SCD patients, which may affect the classification of PH in
this cohort, with subsequent implications on management.
We found that the prevalence of PAH is increased (3.7%) in
SCD patients, which is elevated compared to the prevalence
of idiopathic PAH. The majority of PH patients appear to have
PVH. A larger cohort study is needed to confirm the findings
in our study. We recommend that sickle cell patients with
PAOP above 10 cm of H2O pressure on RHC undergo veri-
fication by LVEDP measurement to avoid misclassification.
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